Most publications devoted to the cryopreservation of mollusc sperm have focused on the definition of technical protocols, avoiding the description of sperm quality after thawing. The present study investigated the effects of cryopreservation on sperm quality in the great scallop. Wild scallop were fished during the natural spawning period and conditioned in the hatchery before use. Sperm samples were obtained after intragonadal injection of serotonin and cryopreserved using a previously published protocol. Sperm quality was assessed using a panel of four parameters: sperm motility characteristics, using a a computer assisted sperm analysis plugin with Image J, intracellular ATP content using an ATP-Lite kit, sperm integrity, using flow cytometry and sperm morphology, using transmission electron microscopy. For each parameter, fresh (control) and thawed spermatozoa were compared. A significant decrease of both the percentage of motile spermatozoa (reduction: 75%) and sperm swimming speed (86%) were observed for thawed sperm compared with fresh sperm. The percentage of living spermatozoa, as assessed using flow cytometry, was significantly lower for thawed sperm (72.4 ± 2.5%) compared with fresh sperm (86.4 ± 1.1). However, no significant difference of intracellular sperm ATP content was observed between fresh and thawed sperm. Post thawing, while some spermatozoa showed little or no morphological differences compared with fresh sperm, others had undergone drastic changes, including swelling of the plasma membrane, structural alterations of the chromatin and damage to mitochondria. In conclusion, the descriptive parameters studied in the present work showed that the quality of thawed great scallop sperm was lower than that of fresh cells but was still sufficient for use in aquaculture programs and sperm cryobanking for this species.
Introduction
Compared with fish species, sperm cryopreservation research has only been conducted on a limited number of molluscs. This can be explained by the frequent use of traditional rearing techniques with spat mainly collected from the wild rather than obtained from hatchery rearing. However, recent trends in mollusc farming, including breeder selection, creation of special lines and induction of triploids, have boosted the development of hatcheries. The research effort on sperm cryopreservation was first focused on Pacific oyster (Crassostrea gigas) because of its high commercial value. Since the first study on this species (Lannan, 1971 ), more than 50 papers have been published on cryopreservation of Pacific oyster sperm (for review see Hassan et al., 2015) .
Most publications devoted to the cryopreservation of mollusc sperm have focused on the definition of technical protocols, including specific aspects such as the nature and the concentration of the cryoprotectant, the composition of the extender, and the definition of the cooling and thawing rates (Chao and Liao, 2001; Gwo, 2000) . After thawing, sperm quality is generally described using only a small number of parameters, most often confined to the percentage of motile spermatozoa and their fertilization capacity (Kawamoto et al., 2007; Vitiello et al., 2011) . However, a wide range of descriptive parameters is available, including the assessment of fine movement parameters using Computer Assisted Sperm Analysis (CASA) devices, cell integrity using ultrastructure or flow cytometry, sperm functioning with intracellular ATP content or fertilization capacity and DNA damage using Tunel or SCSA (Sperm Chromatin Structure Assay), as suggested for fish sperm 56 (Cabrita et al., 2010; Fauvel et al., 2010 
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Great scallop is a functional hermaphrodite, both mature ovaries and testes being present 62 during the spawning period and spermatozoa and oocytes being released by a single animal 63 (Devauchelle and Mingant, 1991) . Investigations on scallop sperm biology remain limited: the mature 64 spermatozoon has a bullet-shaped head, a short acrosome and can be considered as being of the 65 primitive type (Dorange and Le Pennec, 1989) . A sperm "maturation process" along the genital ducts 66 has been suggested. Sperm can be collected after intragonadal serotonin injection or thermal shock.
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Sperm movement can be activated by dilution in seawater and movement duration is long, lasting 4 to 68 10 h (Faure et al., 1994) . Recently, a sperm cryopreservation protocol was published (Suquet et al., 
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When assessed by flow cytometry, the percentages of living sperm were significantly higher 150 (P < 0.001) for fresh sperm compared with thawed (Fig. 2) . 
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The great scallop sperm head has a bullet shape and a reduced middle piece (Fig. 3a) . A 153 conical acrosome is observed and the subacrosomal space is filled with a fine fibrillar material ( is inserted (Fig. 3a) . In the middle piece, four mitochondria can be identified (Fig. 3c) . The distal 157 centriole is located in the middle piece, near the base of the flagellum (Fig. 3d) . The axoneme contains 158 the typical '9+2' pattern of tubules (Fig. 3h) . The condition of the thawed spermatozoa was found to 159 be variable. For some spermatozoa, little or no morphological changes were noted, for the plasma 160 membrane, nucleus, mitochondria (Fig. 3e) or acrosome (Fig. 3f) . On the other hand, drastic changes 161 could be distinguished in some spermatozoa: the plasma membrane could appear swollen, a wide 162 space appearing between the membrane and the nuclear surface (Fig. 3g) . The flagellar plasma 163 membrane could also become swollen (Fig. 3h) . Mitochondrial damage was observed: Fig. 3i 
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suggesting that this membrane plays a key role during cryopreservation.
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The fact that little or no damage to the acrosome and mitochondria were observed post 219 thawing means that a high fertilization capacity of great scallop cryopreserved sperm is maintained. In 220 a previous work, we demonstrated that the fertilization ability of thawed sperm was significantly lower 221 than that of fresh sperm but, fertilization rates similar to those recorded using fresh sperm were 222 observed using a non-limiting sperm to oocyte ratio of 500 (Suquet et al., 2014) .
223
In conclusion, the quality of thawed great scallop sperm was lessened compared with fresh 
